We have initiated a spectral line survey, at a wavelength of 3 millimeters, toward the hot molecular core Sagittarius B2(N-LMH). This is the first spectral line survey of the Sgr B2(N) region utilizing data from both an interferometer (BIMA Array) and a single-element radio telescope (NRAO 12 meter). In this survey, covering 3.6 GHz in bandwidth, we detected 218 lines (97 identified molecular transitions, 1 recombination line, and 120 unidentified transitions). This yields a spectral line density (lines per 100 MHz) of 6.06, which is much larger than any previous 3 mm line survey. We also present maps from the BIMA Array that indicate that most highly saturated species (3 or more H atoms) are products of grain chemistry or warm gas phase chemistry. Due to the nature of this survey we are able to probe each spectral line on multiple spatial scales, yielding information that could not be obtained by either instrument alone.
Introduction
Sagittarius B2 is a massive star forming region at a distance of 7.1 kpc and within 300 pc of the Galactic center (Reid et al. 1988) . It is well known for its abundance of molecular species and has been the target of many searches for complex molecules (e.g., Mehringer et al. 1997; Liu, Mehringer, & Snyder 2001; Martín-Pintado et al. 2001 ) and several spectral line surveys (e.g., Cummins, Thaddeus, & Linke 1986; Turner 1989 Turner , 1991 . The region is made up of several individual sources. Table 1 contains a list of the main sources in the region along with their coordinates. The first column gives the source name. The second and third columns give the right ascension and declination of each source, respectively. The dense molecular core toward Sgr B2(N) has been called the "Large Molecule Heimat" (Sgr B2(N-LMH)) since it is the source of all of the large molecules observed in that region (Snyder, Kuan, & Miao 1994; Mehringer et al. 1997) . Sgr B2(N-LMH) has the most detected and identified molecular species and has the strongest -4 -cross-correlation mode (double sideband) with a sideband rejection of better than 20 dB. The correlator configuration was four 50 MHz spectral windows set side by side with the edges overlapping by 3 channels, giving an effective bandwidth of just under 200 MHz in each sideband. Each window had 128 channels resulting in a spectral resolution of 390 kHz per channel and a velocity resolution of ∼1.4, 1.4, 1.3, 1.1, 1.1 and 1.1 km s −1 for the 86.2, 86.8, 90.025, 106.58, 108.5 and 110.2 GHz bands. This set of 4 windows was set up to start at the lower end of each of the 600 MHz wide spectral bands and integrated on source for 50 minutes. Next, the observing frequency was shifted by 197 MHz and the integration was continued. This process was repeated until the entire 600 MHz band was observed. Neptune and Mars were used as flux density calibrators and 1733-130 was used to calibrate the antenna based gains. The absolute amplitude calibration of 1733-130 from the flux density calibrators is accurate to within ∼20%. The passbands were automatically calibrated online during data acquisition.
10 In the past this method has been quite satisfactory and has not generated spurious features. The BIMA Array data were calibrated and imaged using the MIRIAD software package (Sault, Teuben, & Wright 1995) . Table 2 contains a list of beam sizes and rms noise levels for the observations. The first column lists the central frequency of the observed band (GHz). The second and third columns list the synthesized beam size (arcsec) and the 1σ channel rms noise level (Jy beam −1 ) for the BIMA Array observations, which have been averaged over all windows. The last two columns list the FWHM beam size (arcsec) and the 1σ channel rms noise level (Jy beam −1 ) of the 12 meter telescope observations. The 1σ rms noise levels from the BIMA Array were determined by taking the rms over all channels from a spatial region that was free from continuum emission. The 1σ rms noise levels from the 12 meter telescope were determined by calculating the rms in sections of line free channels.
Data
The spectra are presented in Figures 3(a-l) . In order to derive the frequency scale for the BIMA Array, V LSR =64 km s −1 was used (Mehringer et al. 1997) . For the 12 meter telescope V LSR =65 km s −1 was used because it is the value in a standard 12 meter catalog. In the figures, the two upper panels show BIMA Array data, and the bottom panel shows 12 meter telescope data. The top panel in each figure shows BIMA Array data which are Hanning weighted to bring out weaker features by reducing the noise level. The middle panel in each figure shows the BIMA Array data which are unsmoothed (not Hanning weighted) in order to preserve narrow features which are also seen in the 12 meter telescope data. The 12 meter telescope data were automatically Hanning smoothed as part of the internal data acquisition routine. The spectral resolution of the unsmoothed BIMA Array data match that of the smoothed 12 meter telescope data to within 1 kHz. The 12 meter telescope intensity scale was converted from T * R to Jy beam −1 using 30. 5, 30.6, 30.8, 31.6, 31.8, 32 .0 Jy K −1 as conversion factors for the 86.2, 86.8, 90.025, 106.58, 108.5 and 110 .2 GHz bands, respectively. The dashed lines on the BIMA Array spectra denote spectral window edges and the "I" bars, in both the 12 meter telescope and BIMA Array data (unsmoothed), denote 1σ rms noise levels. The threshold for defining a line is as follows: it must have a signal-to-noise of at least 3σ and have a line width of at least 4 km s −1 (unless a notable feature is seen at the same frequency with both instruments). Unidentified lines labeled with "Q" are questionable detections due to their narrow line width. Table 3 summarizes the molecular detections of the survey. The first column lists the molecule; the 10 A technical description of this can be found at: http://astron.berkeley.edu/∼plambeck/technical.html.
-5 -second and third columns list the number of detected transitions by the BIMA Array and the 12 meter telescope, respectively. The fourth column lists the reference for the molecular information for each species. Table 4 lists the molecular transitions grouped by molecule. The first column lists the rest frequency of the transition, along with the 2σ standard deviation. The second column lists the quantum numbers of the transition. The third and fourth columns list the intensity and line width 11 , with the 2σ standard deviation, of each line observed by the BIMA Array. Fits to the BIMA Array data were on the unsmoothed spectra. If the transition was not detected, a 1σ upper limit has been set for the intensity. The fifth and sixth columns list the intensity and line width, with the 2σ standard deviation, of each line observed by the 12 meter telescope. In a single case from the BIMA Array, the blend of MeF and NH 2 D at 85.92 GHz (see Figure 3a) , the MeF lines were modeled using the fits to the other detected MeF transitions, in order to obtain a satisfactory fit to all components. The seventh column lists the upper energy level of each transition. The eighth column lists the product of the line strength and the square of the relevant dipole moment. Table 5 lists the detected unidentified (U) lines. The first column lists the rest frequency (based on the LSR velocity of Sgr B2(N-LMH)). The second and third columns list the peak intensity and line width, with the 2σ standard deviation, of each line from the BIMA Array. The fourth and fifth columns list the peak intensity and line width, with the 2σ standard deviation, of each line from the 12 meter telescope. If a line was undetected by one of the telescopes, a 1σ upper limit has been set for the intensity. In order to find potential identifications for the U lines, we searched the JPL database ), The Cologne Database for Molecular Spectroscopy , and the Lovas List, a compilation of observed molecular transitions from the ISM (Lovas 2004) . Potential identifications were also given by F. J. Lovas (private communication, hereafter FJL) and J. C. Pearson (private communication, hereafter JCP). The sixth column gives these potential identifications, which were made based on the rest frequency of the transition. Any transition having a 2σ frequency standard deviation greater than 1 MHz (3 km s −1 at 3 mm) or any molecule containing astrophysically unlikely elements was excluded. Three of these transitions are labeled as potentially coming from NH 2 CH 2 COOH-I (glycine), although the likelihood of this identification is small (an explanation is given with each label). There are 21 U lines listed in Table 5 (denoted with footnote a) which do not meet both of the threshold criteria, 15 from the BIMA Array and 6 from the 12 meter telescope. While the origin of these lines is unknown, those detected by the BIMA Array are most likely coming from the warmest and most compact parts of the core and could be vibrationally excited transitions of unidentified species. Those detected by the 12 meter telescope are most likely coming from the extended cool gas around the core. These lines are not included in any of the line counts or statistics.
Results

Statistics
In this survey, we detected a total of 218 lines (97 identified molecular transitions from 18 molecular species and 16 isotopomers, 1 recombination line, and 120 U lines). The BIMA Array detected 199 lines (91 from 15 molecular species and 16 isotopomers, and 108 U lines) and the 12 meter telescope detected 116 lines (74 from 17 molecular species and 15 isotopomers, 1 recombination line, and 41 U lines). Note that the number of detected lines does not include hyperfine transitions. Of the lines detected by the BIMA Array, 21 are previously undetected transitions of known molecules, 102 are previously undetected U lines, and 101 (23 transitions of known molecules and 79 U lines) were only detected by the BIMA Array. The 12 -6 -meter telescope detected 12 previously undetected transitions of known molecules, 37 new U lines, and 19 (7 transitions of known molecules and 12 U lines) were only detected by the 12 meter telescope.
The above line counts yield a spectral line density (average number of lines per 100 MHz) of 6.06 from all observed lines (2.72 from identified lines and 3.34 from U lines). This is a large increase over previous 3 mm surveys of the Sgr B2 region. Table 6 compares the line counts and densities from this survey to previous 3 mm surveys of this source and from Lovas (2004) . The first column gives the source of the data. The second and third columns give the line counts and densities (from the same frequency bands covered in this survey) of identified transitions from each source. The fourth and fifth columns give the line counts and density of U lines from each source. The sixth and seventh columns give the total line counts and densities from each source. The total line density from this survey is greater than from either of the previous line surveys and from Lovas (2004) . The largest increase is the number of U lines detected; a total of ∼55% of the lines we detected are unidentified. This demonstrates that with higher sensitivity and smaller beams, more spectral features will be detected.
Due to the relatively large line widths (typically 5-10 km s −1 ) and the large number of molecular species in the region, many spectral features are unresolved. In cases of very strong emission from a single transition, nearby weaker transitions may not have been observed. Thus if a specific transition was not detected, it may either currently lie below our detection limit or may be blended in the wings of stronger lines. Figure 4 shows maps from the BIMA Array toward Sgr B2(N-LMH) of NH 2 CHO (formamide), C 2 H 5 OH (ethanol, EtOH), SO, and H 13 CN. In each map, the continuum is mapped in grey scale with the transition averaged over the FWHM of the line mapped in contours. The central continuum peak is Sgr B2(N) and the lower continuum peak is Sgr B2(M). The BIMA Array and 12 meter telescope spectra of each mapped transition are below their respective map. The vertical axis is intensity in Jy beam −1 and the horizontal axis is frequency in GHz. The synthesized beam is given in the lower left corner of each map. The numbers on the grey scale wedge are in units of Jy beam −1 .
Maps
Discussion
The higher (>90 K) upper state energy (E u ) transitions of all species will map toward the core since these transitions are only populated to detectable levels in the warmer temperature regions. But the lower E u transitions can be excited in both the warm core and the cooler surrounding gas. Thus, the lower E u transitions trace a truer distribution of each molecular species and are an indicator of that molecule's formation mechanism. Since hydrogenation of atoms heavier than H and molecules happens with very high efficiency on grains (Watson & Salpeter 1972) , all transitions of highly saturated (3 or more H atoms) molecules should map toward the core where the molecules are desorbing from the grain surfaces. Similarly, any molecule formed by reactions by ions or other heavier atoms and molecules on grain surfaces should map toward the core. We also expect any molecules formed in warm gas phase reactions will map primarily toward the hot core since this is where the temperatures are warm enough for the reactions to proceed. The lower E u transitions of species which are produced by cool gas phase reactions should have a large extended component in their distribution, since these reactions do not require the higher temperatures of the core to proceed.
-7 - Figure 4 (a) shows the BIMA Array map of the 106.541 GHz, 5 2,3 -4 2,2 transition of NH 2 CHO which has an E u =27.2 K. The contours are 3, 6, 9, 12, 15, 18, and 21σ . The average (across the FWHM of the line) flux detected by the BIMA Array is 6. 27(29) 12 Jy beam −1 while the average flux detected by the 12 meter telescope is 8.61(63) Jy beam −1 . This map and the difference in flux indicate that NH 2 CHO has a compact distribution toward the core with few extended components and most likely is the product of grain chemistry or warm gas phase chemistry. The observations by Schilke et al. (1991) agree with this view of the NH 2 CHO distribution. With a 17 ′′ beam they found unresolved NH 2 CHO emission toward Sgr B2(N) with much weaker emission toward the Sgr B2(M) region. This map is indicative of most of the highly saturated species we have observed.
One of the exceptions is shown in Figure 4 −1 from the 12 meter telescope. The 12 meter telescope spectrum has a much wider line as well as several more velocity components than the BIMA Array spectrum. This indicates that EtOH has a highly extended distribution and suggests a cooler gas phase formation mechanism. The 106.775 GHz, Figure 3h) , the other exception, maps similarly to this transition of EtOH. While there is no great intensity difference between the BIMA Array spectrum and 12 meter telescope spectrum of this transition, the 12 meter telescope spectrum has wider lines and several velocity components, indicating an extended distribution and a cool gas phase formation mechanism. . This transition show the distinction between sulfurated species and highly saturated organic species in the region. It has strong peaks toward both Sgr B2(N-LMH) and Sgr B2(M) as well as strong peaks and valleys throughout the rest of the map. While most of the flux is coming from the hot core regions the flux difference between the two instruments along with the map indicated that SO has significant extended structure. -14, -12, -9, -6, -3, and 3σ . The map of this transition is indicative of the other species which also show strong absorption. This map, across the FWHM of the absorption, does not show any of the emission components seen in the 12 meter telescope spectrum. This is because these components are very extended and are being resolved out by the BIMA Array.
These maps show that the highly saturated species 13 such as EtCN, CH 3 CN, MeF, NH 2 CHO, and VyCN map toward the Sgr B2(N-LMH) core, indicating that these species are products of grain or warm gas phase chemistry. Contrasting this, two other highly saturated species, EtOH and (CH 3 ) 2 O, show highly extended distributions, indicating a cooler gas phase formation mechanism.
12 Errors quoted are 1σ rms noise level for the associated transition.
13 No conclusion about the spatial distribution of CH 3 OH can be made from our data since both detected transitions have a higher Eu of 102 K.
-8 -
Summary
We have presented the spectra and line fits from the first 3 mm spectral line survey using both an interferometer and a single element radio telescope of the Sgr B2(N-LMH) hot molecular core. We detected 218 lines (97 identified molecular transitions from 18 molecular species and 16 isotopomers, 1 recombination line, and 120 unidentified transitions). The survey has a spectral line density of 6.06 lines per 100 MHz from all observed lines (2.72 from identified lines and 3.34 from U lines) which is much greater than any previous 3 mm survey of this source. The high density of U lines we detected (∼55% of all detected lines) indicates that as Sgr B2(N-LMH) is observed with increasing sensitivity and smaller beams, more spectral features will be seen.
Due to the nature of this survey we are able to probe each spectral line on multiple spatial scales, yielding information that could not be obtained by either instrument alone. From this spatial information we can constrain potential formation mechanisms for the identified molecular species. Products of cool gas phase reactions will show extended distributions while products of warm gas phase reactions or grain surface reactions will show compact distributions. The BIMA Array maps show that the observed highly saturated species such as EtCN, CH 3 CN, MeF, NH 2 CHO, and VyCN show compact emission from the Sgr B2(N-LMH) core, indicating a grain chemistry or warm gas phase chemistry formation mechanism. Contrasting this, two other highly saturated species, EtOH and (CH 3 ) 2 O, show very extended distributions, indicating a cooler gas phase chemistry formation mechanism. A detailed analysis of selected data sets, including temperature determinations, column densities, and comparison of results with existing chemical models will be presented in a subsequent paper.
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HC 15 N 86,054.9610 (600)
HCO N Ka,Kc = 1 0,1 − 0 0,0 , J = 3 2 − 1 2 86,670.8200 (800)
19.7(26) 4.2 1.86 86,708.3500 (800) 
.28 87,090.8590 (920)
.28 87,090.9420 (920) c These transitions were blended and were fit with a single Gaussian.
d Previously undetected transition.
e Multiple emission components are visible. Only the intensity and line width of the main component are given.
f For EtOH a "+"=gauche+ and a "-"=gauche-state.
g These transitions were highly blended and thus the intensity and line widths were approximated because the least squares Gaussian fitting did not
give a satisfactory fit.
h Intensity and line width were approximated because the least squares Gaussian fitting did not give a satisfactory fit.
i Multiple emission and absorption components detected.
j Multiple strong components are apparent in the data (see Figure 2) , each component is listed on a separate line in this table.
k Estimated value since the dipole moment µ was not stated in the reference.
l Due to confusion from transitions from NH 2 D the intensity and line width of this transition of MeF was extrapolated from the other detected MeF transitions. m Line width was fixed in order to get an adequate intensity fit.
n In order to calculate the line strength of these hyperfine components the line strength for the entire transition was multiplied by the relative intensity of the hyperfine component.
-33 - Snyder et al. 2002) 106,448.9 3.4(4) a This feature is a questionable detection because its line width is <4 km s −1 ; hence it may be due to interference.
b Intensity and line width were approximated because the least squares Gaussian fitting did not give a satisfactory fit.
c For EtOH a "+"= gauche+ and a "-"= gauche-states.
d Large frequency spread due to hyperfine components.
e The transition has been previously reported as a masing transition in Orion by Snyder & Buhl (1974) . However due to its large line width combined with its very high Eu (∼1760 K) it is unlikely that this identification is correct for this source.
f Previously detected U line.
g Large frequency spread due to multiple J components.
h It is not likely that this line is from glycine since it is detected strongly with both instruments and glycine is expected to be very compact in distribution.
i It is not likely that this line is from glycine since this transition has an unfavorable line strength.
j Multiple components were necessary to get an approximate least squares Gaussian fit. Each component is listed on a separate line.
k This transition has been previously reported as a HNCO transition toward G10.47+0.03 by . However due to its narrow line width we are reporting it as a questionable detection for Sgr B2(N-LMH).
l Multiple emission and absorption components detected. 
